Water resource contamination is still a major concern in several regions of developing countries especially in sub-Saharan countries in which polluted waters pose serious risks to human health and the environment. The seasonal variation of the physicochemical parameters including pH, temperature (T), electrical conductivity (EC), dissolved oxygen (O 2 ), dissolved organic carbon (DOC), total organic carbon (TOC), and trace metals were assessed in water samples collected from wells (n¼3) and two rivers which were the River Lukemi (RLK, n ¼3) and River Luini (RLN, n ¼2) located in the City of Kikwit (Province of Kwilu, Democratic Republic of the Congo). Samples were collected during the dry and wet seasons. The concentration of trace metals (Cr, Mn, Co, Ni, Cu, Zn, As, Mo, Ag, Cd, Sn, Sb, and Pb) in water was measured using Inductively Coupled Plasma Mass Spectrometry (ICP-MS), and soluble ions (Na
concentration of these contaminants in water can cause serious human health problems and have significant environmental impacts. The discharge of untreated industrial and urban effluent waters into the river, the presence of informal (wild) landfill, and anthropogenic activities are the main sources of deterioration in urban and suburban water quality (Mubedi et al., 2013; Poté et al., 2008; Venugopal, Giridharan, Jayaprakash, & Velmurugan, 2009; Devarajan et al., 2015a, b; Laffite et al., 2016; Shokr et al., 2016) . Due to the lack of infrastructure and poor economic situation in most urban and rural regions of Sub-Saharan African countries, a large proportion of the population are using waters from rivers, wells, boreholes, and springs for domestic and drinking purposes (Amanial, 2015; Kapembo et al., 2016; Kilunga et al., 2016; Mwanamoki et al., 2015; Rochelle-Newall, Nguyen, Le, Sengtaheuanghoung, & Ribolzi, 2015) . More worrying is that the people who depend on these resources for drinking water are unaware of the real facts and consequences for their health (Montgomery & Elimelech, 2007; WHO, 2011) .
Kikwit City has an estimated population of 1,000,000 inhabitants in a total area of 92 km 2 and is located 500 km east of Kinshasa, the Capital City of Democratic Republic of the Congo (DRC), in the new province of Kwilu. The city has suffered from a lack of drinking water and sanitation, electricity, and urban transport for many years and is well known for the persistent and recurrent outbreaks of waterborne disease including Ebola Viral Hemorrhagic Fever in 1995 (Hall, Hall, & Chapman, 2008; Mutungu, 2014) . As far as the authors could find out, there is no quantitative information available regarding the levels of physicochemical parameters and heavy metals in the rivers, wells and other water resources in the city and their seasonal variations. Consequently, the aim of the research presented in this paper is to assess the level of physicochemical parameters and metals in water, which are important in the evaluation of drinking water quality (WHO, 2011) . The assessment is based on water physicochemical characterization including pH, electrical conductivity, dissolved oxygen, soluble ions and toxic metal content (Cr, Mn, Co, Ni, Cu, Zn, As, Cd, Sb, and Pb). Water samples were taken in both the dry and wet seasons and analysed to identify whether or not there were any changes in water quality with the season.
Materials and methods

Water collection and sampling procedure
This research was conducted in the suburban areas of Kikwit which is located in the province of Kwilu (Fig. 1) . The local population living in this city depends directly on rivers, wells and streams for their drinking water due to the irregular provision of water supply throughout the country by the state-owned national water and sanitation company Regideso (Fig. 2) .
Water samples were collected in June 2015 (dry season) and November 2015 (wet season) from three main wells and two rivers, that is, the Rivers Lukemi and Luini (Fig. 1) . These rivers drain the city of Kikwit (and are tributaries of the River Kwilu). They are the main rivers used for domestic activities. The water samples from wells were taken directly from the outlet pipe and were labelled P1, P2, and P3. The water samples from the rivers were collected manually and those from the River Lukemi were labelled RLK1, RLK2, RLK3, and RLN1 and RLN2 from the River Luini. The GPS locations of the sampling sites are presented in Table 1 . The water samples (500 mL sealed in clean plastic bottles) were collected in triplicate from each sampling site. While sampling water at each site, three clean plastic bottles of 2 L containing Milli-Q water were kept open to the air to estimate field controls. Once collected, samples were stored at 4°C and transported to the analytical platform of the University of Geneva for analysis.
Water physicochemical analysis
Physicochemical parameters of water including temperature (T°) , pH, dissolved oxygen (O 2 ) and electrical conductivity (EC) were measured in situ using a Multi 350i (WTW, Germany). The dissolved organic carbon (DOC) and total organic carbon (TOC) measurements were performed using Shimadzu High -Temperature Total Organic Carbon Analyzer (5000 GmbH, Switzerland) on acidified samples (200 mL of 2 M HCl in 30 mL samples). The concentration of dissolved ions, cations (Na , NO 3 -, NO 2 -) were measured using Ion Chromatography (Dionex ICS-3000, Canada) according to the method described by Graham, Stoll, and Loizeau (2014) and Mavakala et al. (2016) . The reference material (certified water CRM, Ontario-99) from the National Water Research Institute, Canada was used to verifying the accuracy of the instrument. All CRM results were within the acceptance range on the CRM certificate.
Metal analysis in water samples
Before analysis, water samples were acidified with HNO 3 (suprapur, 65%) 1% v/v and filtered through a 0.45 mm membrane (Millipore, Darmstadt, Germany) and used for metal analysis (APHA, 1998; Mavakala et al., 2016) . Water samples were then subjected to analysis by Inductive Coupled Plasma-Mass Spectroscopy (Agilent 7700x series ICP-MS developed for complex matrix analysis, Santa Clara, CA, USA). A collision/reaction cell (Helium mode) and interference equations were utilized to remove spectral interferences that might otherwise bias results. Multi-element standard solutions at different concentrations (0, 0.02, 1, 5, 10, 20, 50 and 100 mg L À 1 ) were used for calibration. The certified reference materials TMDA 51.4 and SLRS-3 were used in order to verify the sensibility of the instrument and the reliability of the results. Metal concentration in water samples was expressed in ppb (mg L À 1 ). The reference material (TMDA 51.4 and SLRS-3) results were within the acceptance range for all metal analysis in freshwater by ICP-MS. Standard deviations of three replicate measurements were below 2% and chemical blanks for the procedure were less than 1% of the sample signal.
Statistical analysis
Triplicate measurements were made for all analyses of water samples. Statistical processing of data (Spearman's rank-order correlation) was performed using SigmaStat 12.5 (Systat Software, Inc., USA).
Results and discussion
Physicochemical characteristics of water
The results of water physicochemical parameters are reported in Table 2 (Kapembo et al., 2016) . These results are comparable with other published data obtained in similar sites under tropical conditions (Nola et al., 2013; Pritchard, Mkandawire, & O'Neill, 2008) .
As pH is an important operational water quality parameter, the measurement of pH is indispensable in evaluating water quality because it demonstrates the degree of acidity of water. A pH of less than 7 indicates that water is acidic while it has become alkaline if the value is more than 7. In the aquatic ecosystem, pH influences the solubility of toxic metals which can have a negative effect on aquatic living organisms and human health. In the wells, the pH values varied significantly according to the seasonal variation (P ˂ 0.05). The value ranges in P1 (5.60-6.37), P2 (5.07-6.98), and P3 (4.12-6.27) were below the WHO water quality standards (6.5-8.5) but were slightly acidic, especially during the dry season. The pH values of river water samples ranged from 5.55 to 6.31 and 7.09-7.44 for the wet and dry seasons, respectively. The geology of sampling sites (Fig. 3 ) could possibly be responsible for the final pH of ground water. Furthermore, the acidic pH measured for both the river and well water samples during the wet season was probably due to rainfall and leachate draining (Van Ha et al., 2011) . A previous study (Kapembo et al., 2016) carried out in a similar environment demonstrated the same tendency with the values of pH varying from 4.9 to 7.0 and from 6.1 to 7.2 during the dry and wet seasons respectively. Electrical conductivity (EC) values in wells and rivers in both dry and wet seasons are within the WHO recommended limit (200 mS cm À 1 ). All rivers show low values of conductivity, ranging from 26.8 to 50.9 and from 21.2 to 53.4 mS cm À 1 during the wet and dry seasons, respectively. The wells also showed low values of electrical conductivity during both dry and wet seasons, with a maximum value of 113.7 (P3). The concentration of dissolved oxygen (O 2 ) during the dry season is within the recommended WHO limit with the values ranging from 4.92 to 6.33 and 5.14-7.36 mg L À 1 in wells and rivers, respectively. However, higher O 2 values were found during the wet season and ranged from 9.52 to 9.80 and 9.10-9.35 mg L À 1 in wells and rivers, respectively. These results agree with a recent study performed under tropical condition (Ali, Ali, Islam, & Rahman, 2016). According to Ali et al. (2016) , the higher temperature observed in this study could have probably attributed to the low dissolved oxygen in water samples during the dry season. In addition, the reduced DO levels for the river water samples during the dry season could be due to the result of nitrification activity along the river course (Strady et al., 2017) . The concentration of TOC and DOC in P2 and P3 is within the recommended WHO limit (2 mg L À 1 ) in both seasons with the values ranging from 0.17 to 1.25 and 0.14-1.19 mg L À 1 respectively.
However, P1 presents the highest values ranging from 3.47 to 5.81 and 3.09-4.13 mg L À 1 for TOC and DOC, respectively. All the river water samples showed a higher concentration of TOC and DOC (Table 2 ). Furthermore, it should be noted that the values were found to be higher in the wet season than in the dry season. The TOC values ranged from 4.22 to 5.56 and 3.04-4.82 mg L À 1 for the wet and dry seasons respectively. The DOC values ranged from 3.37 to 4.52 mg L À 1 and 2.24-2.72 mg L À 1 for the wet and dry seasons respectively. The results suggest that the high flow rate, precipitation, agricultural practices, and run off around the sampling sites may have caused the increased DOC concentrations in rivers during the wet season (Mann et al., 2014; Balakrishna, Kumar, Srinikethan, & Mugeraya, 2006) . Both the local geology and the flushing of organic carbon from nearby soils during the wet season might have contributed to the higher DOC.
Soluble ions in water samples
The concentrations of dissolved ions, cations (Na 
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season) and 33.6 (in wet season). These values are higher than those in the WHO guidelines for drinking water. The high concentration of NO 3 -recorded for the water samples collected from the two wells could be the result of contamination of water by animal waste or agricultural runoff (Malik & Nadeem, 2011; Müller et al., 2008) . Among anions, the concentrations of PO 4 3-(33.3-36.2 mg L À 1 ) and Cl -(5.4-7.7 mg L À 1 ) recorded were highest for the river water samples from RLK3 and RLN2, respectively in both seasons. On the other hand, PO 4 3-was below detection level in water samples collected from wells in both seasons. The concentration of PO 4 3-was greater for the river water samples which could be the result of agricultural runoff, weathering, and sewage disposal (Malik & Nadeem, 2011; Singh, Malik, Mohan, & Sinha, 2004) . The results of the study presented in this paper show that the order of anion concentrations was NO 3 -4 PO 4 3-4 SO 4 2-4 Cl -. In general, the concentration of dissolved ions was higher during the wet (rainy) season than in the dry season. On the whole, the results show that the concentration of all analysed dissolved ions in water samples from wells and rivers during both seasons fall under the permissible limit of the WHO recommendation for drinking water and domestic purposes.
Metal concentration in water samples
Average metal concentration in water samples from wells and rivers during the dry and wet seasons are reported in Tables 4, 5 , respectively. During the dry season, metal concentration (in mg L À 1 ) in wells varied from 2.6 to 4.5 (Cr), 750-812 (Mn), 2.9-6.9 (Co), 3.8-5.1 (Ni), 4.3-6.5 (Cu), and 9.6-31.9 (Zn). The relative abundances of the metals were as follows Mn ˃ Zn ˃ Co ˃ Cu ˃ Ni ˃ Cr. In rivers, the values (in mg L ) ranged from 1352.09 to 1741.70 (Mn), 0.24-0.87 (Co), 2.9-5.9 (Ni), 1.2-3.7 (Cu), 9.3-57.2 (Zn) and 12.3-25.5 (Sb). As observed during the dry season, the other metals such as As, Mo, Ag, Cd and Pb present the lowest concentration in all samples from wells and rivers. In general, metal concentration in water samples from wells and rivers during the wet season was higher than in the dry season.
Except in the case of Mn, the other metal concentrations in the river water samples were below the WHO guideline values for drinking water. Of all the metals, manganese was found to be the Previous studies have reported that the high concentration of Mn can be associated with neurological disorders especially in new-borns and children (Wasserman et al., 2006) . As a consequence, the results of the present study suggest that the elevated concentrations of Mn measured in the water samples could impact on human health. Therefore, the local population who use water from these resources in the suburban area of Kikwit essentially needs to be informed about the contamination level of Mn and its health risks. In addition, considerable efforts should be made by policy makers to provide safe piped in-home water.
Statistical analysis
The Spearman's rank-order correlation values for dry and wet seasons are respectively presented in Tables 6a, 6b. The Mn did not show a significant correlation with water parameters and metals confirming that the high value of Mn in water samples can probably be explained by the geology of sampling sites and does not depend on anthropogenic activities. Manganese is one of the most abundant metals in the Earth's crust, usually occurring with iron. These elements may be present in natural waters in varying quantities depending on the geology of the area and other chemical components of the waterway (WHO, 2011; Abouhend & ElMoselhy, 2015) . Co was positively correlated with Ni (r ¼0.881, Po0.05, n ¼8) and Cu (r ¼0.786, n ¼8) for the dry season (Table 6a ). In addition, Ni had a strong positive correlation with Cu. These results indicate that these metals may have originated from common natural sources or run off. The positive correlation between TOC and DOC indicates a possible source from agricultural run-off and domestic discharge. A similar result was observed for the wet season too. Co showed a positive correlation with Cu in the wet season. Furthermore, a strong negative correlation was observed between Ni and Sb (Table 6b ). These results reflect that Sb could come from different pathway such as leachates from the watershed. 
Conclusion
Our findings reveal that most of the physicochemical parameters and heavy metals in the water samples from wells and rivers in the Kikwit region were found to be within the safe limit according to the WHO standard for drinking water quality except for Mn. However, during the wet season, the pH value of water samples from all the wells tended to be acidic. The ICP-MS results showed that all the water samples from both wells and rivers are not polluted by Cr, Co, Ni, Cu, Zn, As, Mo, Ag, Cd, Sn, Sb, and Pb. The correlation analysis revealed that Mn did not show any correlation with other metals implying a different source. The higher concentration of Mn may be explained by geochemical processes occurring at the sampling sites. Therefore, further studies should be carried out with a larger number of samples from this region to understand more about this abundance of Mn and also microbiological load in surface waters in order to provide safe water to the local population. The preliminary data obtained in this study could be useful for Government bodies in the Democratic Republic of the Congo which provide water, health, and sanitation services. Moreover, microbiological further assessment of the studied rivers and wells should also be considered to evaluate water quality fully. 
